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The emerging bioeconomy requires vast amounts of biomass that current value chains cannot provide.
Novel biomass value chains therefore need to be developed. To date, only few novel value chains
emerged and additional research on their development is much needed. This paper presents the results
of an exploratory case-study analysis of a corn stover value-chain development process in two regions:
Ontario (Canada) and Flanders (Belgium). Applying an integrated analytical framework and comparing
the results with literature, we identiﬁed a number of barriers for novel value-chain development and
state seven concrete actions that value-chain actors can take to overcome these barriers. These rec-
ommendations can be used by policy makers wishing to facilitate the development of novel biomass
value chains in their region; by farmers and industrial actors working to establish new avenues to
valorize currently underutilized biomass sources and create additional revenues; and by researchers
seeking to disseminate and implement their knowledge about novel technologies as well as socio-
economic insights.
© 2019 Elsevier Ltd. All rights reserved.1. Introduction
Challenges related to the use of fossil resources, including
climate change, call for a more sustainable production of food, feed,
materials and energy. In this respect, the transition from the fossil-
based economy towards a bioeconomy e in which food, feed, ma-
terials and energy are produced from plant-based material e is
often cited as a promising way forward, leading to investments
from policy makers across the globe, including Europe, the United
States, Japan, India, Brazil and China (McCormick and Kautto, 2013;
Schmid et al., 2012). This transition is far from straightforward.
Suitable technologies must be developed and integrated for the
harvest, transport and processing of biomass into competitive,
value-added products. Other challenges concern innovational Economics, Faculty of Bio-
ks 653 Bl. A, 9000, Ghent,
en.be (A. Mertens), jonas.
uysse@ugent.be (J. Buysse),
vanmeensel@ilvo.vlaanderen.management, policy and regulation, the development of new bio-
based business models and value-chain conﬁgurations, etc.
(Kirchen, 2012; Kleinschmidt et al., 2014; McCormick and Kautto,
2013; Mohan, 2016; Van Lancker et al., 2016a,b).
Despite the recognition of the importance of these socio-
economic aspects (Boehlje and Br€oring, 2011; Cooke et al., 1997;
De Besi and McCormick, 2015; EC, 2012; R€onnlund et al., 2014),
managerial and economic information related to the bioeconomy is
scarce. Indeed, existing publications mainly originate from
governmental institutions (Biotec Canada, 2008; EC, 2012; OECD,
2009; US Administration, 2012), that often describe policy and
strategic agendas (Golembiewski et al., 2015). A large portion of the
current scientiﬁc literature about the bioeconomy primarily focuses
on the technical aspects (e.g., processing techniques) or conse-
quences of the transition (e.g., environmental or social impacts)
(Pfau et al., 2014). Few existing socio-economic studies have
focused on how to realize the future bioeconomy, including sus-
tainable socio-technical transitions (e.g. Smith et al., 2010), sus-
tainable business models (e.g. Nair and Paulose, 2014), sustainable
business management (e.g. van Kleef and Roome, 2007) and tech-
nology and innovation management (e.g. Van Lancker et al.,
2016a,b).
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economy, which is only treated in a few studies, is inter- and cross-
sectoral collaboration. Bioeconomy production processes are envi-
sioned to convert plant-based materials into a large variety of
biobased products (Johnson and Altman, 2014; OECD, 2009;
Ollikainen, 2014; Pfau et al., 2014), often using a cascading pro-
duction process that employs a number of processing technologies
to valorize as much of the biomass as possible (De Besi and
McCormick, 2015; Fritsche and Iriarte, 2014; Keegan et al., 2014;
McCormick and Kautto, 2013; OECD, 2009; Zwier et al., 2015). In
such a cascading approach e where different products are derived
from biomass provided by agriculture, ﬁsheries and forestry e
collaboration is required between different sectors and subsectors,
such as the food, chemistry, energy, fuel and pharmaceutical sec-
tors (De Besi and McCormick, 2015; McCormick and Kautto, 2013).
The establishment of such biobased processes and related new
value chains, i.e. a “set of interdependent economic activities un-
dertaken by a group of vertically linked economic agents” (Bellù,
2013), is particularly challenging as it involves actors that are not
used to working together in the fossil-based economy (e.g. farmers
and chemical industry representatives). This way of integrating
actors and activities is referred to as “convergence” (Br€oring and
Cloutier, 2008). Authors such as De Besi and McCormick (2015)
and Golembiewski et al. (2015) identify convergence as a key
issue related to bioeconomy development.
Studies considering this issue include Correll et al. (2014),
Cembalo et al. (2014) and Mertens et al. (2018), who take a more
theoretical perspective using modeling techniques to approach
questions regarding supply chain conﬁgurations in order to ensure
a continuous biomass supply. Additionally, McCormick and
Kåberger (2007), R€onnlund et al. (2014), Hellsmark et al. (2016),
Berg et al. (2018), Stadler and Chauvait (2018), and Carraresi et al.
(2018) all report on barriers and sometimes drivers related to the
development of different biomass value chains.
This paper aims to contribute to this relatively small number of
studies on barriers related to industrial convergence in the bio-
economy. We start from an exploratory case-study approach to
identify barriers for novel value chain development and situate
them in the literature. Speciﬁcally, we focus on two attempts to
develop a novel bioeconomy value chain, connecting several pre-
viously un-connected actors, one in Ontario (Canada) and one in
Flanders (Belgium). By analyzing these two contrasting cases, we
aim to identify awide range of barriers to industry convergence and
novel value chain development and present the most valuable
lessons learned for both industry and policy makers to reinvigorate
the development of local biomass value chains. Furthermore, this
study moves beyond describing the challenges associated with the
process of convergence and describes the lessons learned and best
practices, intended to help other actors to overcome potential
barriers to developing a novel biomass value chain.
The focus of our researchwas an underutilized biomass resource
with large potential for local use: corn stover. Today, large volumes
of corn stover are left in the ﬁelds after grain corn harvest. Corn
stover can be used as an input for bioethanol (Bals et al., 2010;
Eggeman and Elander, 2005), cellulosic sugars (Duffy and
Marchand, 2013), animal feed production (Combs, 2010; Lascano
and Heinrichs, 2011), anaerobic digestion (Schroyen et al., 2014;
Song et al., 2014), and combustion (Bennett et al., 2007; FEL, 2009).
While multiple regions recognize it as an interesting biomass
resource for the bioeconomy, developing a corn stover value chain
has proven to be a challenge. Not only does it demand the devel-
opment of new harvest, storage and processing technologies, it also
demands the alignment of previously unrelated economic actors,
including farmers and industrial processors.
Although the corn stover case has some speciﬁcations, theidentiﬁed barriers and lessons learned from our analysis can be
interpreted as an illustration for other interesting biomass re-
sources, and can therefore be beneﬁcial and inspirational for
biomass producers, biomass processors, researchers, policy makers
and other relevant actors interested in best practices related to
what actions can contribute and what process can be followed to
overcome a number of important barriers of novel biomass value
chains and organize a successful, functioning, biomass value chain.
2. Methods
In order to be able to identify speciﬁc actions for successful
novel value-chain development, we ﬁrst needed to uncover the
barriers encountered. The integrated analytical framework by
Lamprinopoulou et al. (2014) is designed as an analytical tool to
study innovation systems and their functionality as a whole, thus
avoiding an over-focus on speciﬁc components. Such an approach
provides better insights into how best to coordinate and align the
system components (Lamprinopoulou et al., 2014). An innovation
system, which can be generally deﬁned as ‘a complex of diverse
innovation actors that work in collaboration to generate, develop
and utilize innovations as shaped by a number of institutions’ (Van
Lancker et al., 2016a,b), can be studied on different levels, e.g. na-
tional (e.g. Wang et al., 2012), regional (e.g. Andersson, 2013), or
technological (e.g. Bergek et al., 2008). The analytical framework of
Lamprinopoulou et al. (2014) relates to the Agricultural Innovation
System (e.g. Klerkx et al., 2010), which in turn is linked to the
literature on Sectoral Innovation System (e.g. Coenen and Diaz
Lopez, 2010). We selected this framework as the backbone and
rationale for our analysis for the following four main reasons. One,
the two selected case studies are closely related to agriculture
because they consider corn stover as the main resource for a value
chain. Two, the process of attempting to develop a new value chain,
implementing new innovation with a diverse set of actors is a
complex endeavor that closely resembles that of an innovation
system on a micro scale. Three, although the industry convergence
perspective is also a valuable way to approach these case studies, to
the best of our knowledge, it does not provide in-depth frameworks
for this type of case study analysis. Four, the Lamprinopoulou et al.
(2014) framework presents a structure for thorough analysis of
complex cases characterized by profound change in different value
chain conﬁgurations with many different actors. Their framework
involves multiple analytical steps covering all the various compo-
nents and aspects and thus maximizes the number of potential
valuable insights.
Before explaining the research process and the rationale of the
Lamprinopoulou et al. (2014) framework in detail, we ﬁrst intro-
duce the two case-study regions.
2.1. Two case study regions
2.1.1. Case study region 1: Sarnia, Ontario, Canada
Sarnia is located on the shores of Lake Huron in Ontario (Can-
ada). Since the 1980s, its local chemical industry has been experi-
encing no-growth and a declining job market. In search for
economic revival opportunities, Bio-industrial Innovation Canada
(BIC), a bioeconomy cluster developer, investigated numerous
alternative business opportunities for this town and its surround-
ing rural communities, with the precondition that the business
solution makes use of the local infrastructure and local human
capital. The main conclusion of these studies was that the best
opportunity for the local area was to develop a corn stover value
chain to produce cellulosic sugars for the biobased chemical in-
dustry cluster in Sarnia. This conclusion was also supported by the
Ontario Federation of Agriculture, which was seeking market
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value chain actors together, meetings and focus groups were
organized. These were attended by farmers, technology providers,
possible end-users, researchers and policy maker. The aim was to
gain insights into the barriers, opportunities and feasibility of a
local corn stover value chain. Next, an advisory committee was
established, with representatives from BIC, local producers and
farm organizations, local processors, researchers, and policy
makers. During the bi-monthly meetings of this advisory com-
mittee, research progress (e.g. techno-economic and logistical in-
sights (Duffy and Marchand, 2013; Marchand, 2015)) was
discussed. Based on these discussions, the members decided to
establish the Cellulosic Sugar Producers Cooperative (referred to
below as the Farmers' Cooperative). Next, the researchers at BIC
studied different technologies that showed potential as a cost-
effective means of converting corn stover into cellulosic sugars. In
February 2016, the board members of the Farmers’ Cooperative
selected Comet Bioreﬁning as the preferred technology provider.
Comet Bioreﬁning planned the construction of the ﬁrst commercial
cellulosic sugar production plant in Sarnia, and the necessary
capital was obtained for the construction.1
2.1.2. Case study region 2: Flanders, Belgium
In Flanders, a corn stover value-chain development is experi-
encing a difﬁcult start. The idea of developing a corn stover value
chain started during a project funded by the Flemish Agency for
Innovation by Science and Technology (nowVLAIO), called ‘VISIONS’.
During this project, corn stover was identiﬁed as one of the largest
underutilized biomass sources in Flanders with potential for the
bioeconomy.Almost concurrently, theARBORprojectwas conducted,
fundedby the Interreg IVBNorthWestEuropeprogram.Thoseproject
results identiﬁed corn stover as a promising biomass resource,
especially for anaerobic digestion. However, technical difﬁculties
made the researchers conclude that additional researchwas required
(DeDobbelaere et al., 2015). Industryalso showed interest in the corn
stover valorization: one anaerobic digestion plant manager con-
tracted two custom harvesters to harvest corn stover from different
farmers. However, harvesting was stopped due to wet soil during
harvest and the high moisture content of the stover. To address the
challenges identiﬁed from research and observed in practice, several
unsuccessful attempts weremade to acquire additional funding for a
follow-up project. Some additional research on corn stoverwas done
by non-project-afﬁliated researchers (e.g.Mertens et al., 2018). In the
context of this research aworkshopwas organized and experts were
invited (policy makers, researchers, representatives of farm organi-
zations, etc.). This event was the ﬁrst time interested stakeholders
were brought together on the topic and were presented some infor-
mation on which they could provide feedback. We have no further
knowledge of actions taken to continue the corn stover value-chain
development process after that workshop.
2.2. Data collection through semi-structured interviews
First, we conducted semi-structured interviews with stake-
holders involved in one of the two case-study regions. Questions
mainly focused on the interviewees’ opinion concerning the tech-
nological and non-technological challenges of corn stover harvest
and processing, as well as how a corn stover value chain could be
organized and developed (See Annex 1 for the interview guides).
Data collection took place in two rounds. In the ﬁrst round1 In April 2019, Comet Bioreﬁning announced a pause in the construction plans,
after the bankruptcy of one of the key stakeholders and because of other oppor-
tunities within the bio-based economy they want to explore ﬁrst (Morden, 2019).(March to September 2015), 14 semi-structured interviews were
conducted with Flemish stakeholders. Because the corn stover
value chain in Flanders is virtually non-existent, only few re-
spondents could share anecdotes or experiences on corn stover
harvest and processing and had to rely on assumptions. Therefore,
we organized a workshop and invited the previously interviewed
experts (policy makers, researchers, representatives of farm orga-
nizations, etc.), as well as some additional experts. During the
workshop, the information acquired during the interviews was
validated with the participants. In the second round (August and
September 2016), 21 semi-structured interviews were conducted
with stakeholders involved in the Ontario case-study region. Here,
stakeholders interviewed were well aware of the development of a
corn stover value chain, and its organizational beneﬁts and chal-
lenges. Hence, no additional validation workshop was organized.
For both interview rounds, interviewees were identiﬁed and
selected through snowball sampling (Patton, 1990). The ﬁrst ex-
perts, identiﬁed through an internet search, were selected based on
the organization they represented and their speciﬁc knowledge on
the subject. Besides providing general insights into the subject
investigated, these experts also provided names of other stake-
holders, who in turn provided names of new stakeholders. In-
terviews with these respondents provided more detailed
knowledge. When no new information or names of relevant
stakeholders appeared, the point of saturation was achieved
(Morse, 1991) and the interview round ended. All semi-structured
interviews conducted were recorded and transcribed. This
allowed us to analyze them in NVIVO software according to the
analytical framework of Lamprinopoulou et al. (2014).
2.3. Integrated analytical framework
For our data analysis, we applied the integrated analytical
framework developed by Lamprinopoulou et al. (2014). This
framework allowed us to both statically evaluate the established
value chains and dynamically assess the process of establishing
these value chains. It integrates several other frameworks “aiming
to assess the performance of innovation systems and to formulate
related policy recommendations” (Lamprinopoulou et al., 2014, p.
41). As such, the framework made it possible to identify the dy-
namics between the key structures and functions of the process
followed as well as the dynamics between its strengths and
weaknesses (Hellsmark et al., 2016). Furthermore, by identifying
the strengths, we could generate recommendations for practi-
tioners, researchers and policy makers (Hellsmark et al., 2016).
Below, we brieﬂy explain themain steps of the analysis (Fig.1). A
more exhaustive description of the integrated analytical framework
can be found in Lamprinopoulou et al. (2014).
The framework allowed us to analyze the process of novel value-
chain development at both the micro level and the macro level. The
micro level analysis consists of a functional analysis and a
structurally-oriented analysis. The structurally-oriented analysis
was used to identify the key actors involved in the development
process, and to classify them into one or more of the following
domains: the research domain, the enterprise domain (i.e. the
supply chain actors), the innovation inﬂuencers domain (e.g. policy
makers, farm associations, etc.) and the intermediary domain (e.g.
boundary spanning actors) (Arnold and Bell, 2001). A micro-level
failure analysis was conducted by assessing the interactions and
roles of these key actors as well as the available infrastructure,
capabilities, and the formal and informal rules and regulations.
Next, the performance of the value-chain development process,
and how the key actors contribute to this performance, was eval-
uated using a functional analysis. The nine functions of that analysis
were (1) knowledge development; (2) entrepreneurial activities/
Fig. 1. Integrated analytical framework. Source: Lamprinopoulou et al. (2014).
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(4) funding; (5) non-monetary resource mobilization; (6) market
formation; (7) guidance of the search; (8) creation of legitimacy,
and (9) formation of social capital.
Finally, a macro-level failure analysis was conducted, in which
the key actors were linked to four overarching mechanisms
(Lamprinopoulou et al., 2014, p. 42): (1) directionality, which refers
to the presence or absence of a shared vision and whether there are
any coordination mechanisms to identify this shared vision; (2)
demand articulation, which refers to the presence or absence of
insights in the stakeholders wishes and needs; (3) policy coordi-
nation, which refers to the presence or absence of coherence be-
tween different policy measures and between different policy
levels; and (4) reﬂexivity, which refers to the ability or incompe-
tence of the stakeholders to monitor the progress of the innovation
and whether they can adapt their strategy when they considered it
to be necessary (Lamprinopoulou et al., 2014).
2.4. Identiﬁcation of main barriers and success factors for corn
stover value-chain development in the two regions
From the identiﬁcation of the actors and the functional analysis
(Step 1), identiﬁcation of the actors and the micro-level failure
analysis (Step 2) and the identiﬁcation of the actors, the functional
analysis, the micro-level failure analysis and the macro-level failure
analysis (Step 3), we gained deeper insights into the barriers of
novel value-chain development processes in the two regions.
Furthermore, the insights from this analysis allowed us to identify
speciﬁc actions taken in order to overcome the barriers
encountered.
3. Results
3.1. Key results of applying the integrated analytical framework
Below, we brieﬂy present the results of the case-study analysisusing the integrated analytical framework. An extensive descrip-
tion of the results can be found in Annex 2.
3.1.1. Actor identiﬁcation and classiﬁcation
In this section, we discuss the economic actors, networks and
institutions involved in corn stover value-chain development in the
two regions (Table 1). For Flanders, we observe that the same group
of actors was repeatedly involved in the different projects and at-
tempts to set up a corn stover value chain. Research actors are the
most represented. The enterprise domain consists of the anaerobic
digestion plant manager, custom harvesters and farmers that had
attempted to set up a corn stover value chain individually, but failed
due to wet harvesting conditions. The ‘innovation inﬂuencers
domain’ is barely represented, with the funding agency “Flanders
Innovation & Entrepreneurship” showing only limited interest.
Finally, during the different funding applications, Biobase Europe
Pilot Plant recurrently attempted to unite all stakeholders. However,
they were never able to actually ﬁll the role of intermediary partner.
In Ontario, the actors identiﬁed are more equally balanced over
the different domains. Most of these actors were involved in the
focus groups or the advisory committee. Besides a well-established
research domain, the enterprise domain is also well-represented.
During the project, the companies identiﬁed were directly
involved in different studies, and their advice was taken into ac-
count for decisions and further research. Furthermore, the inno-
vation inﬂuencers’ domain was highly involved; as members of the
advisory committee, policy makers could attend the different dis-
cussions and follow up on the progress of the project. Finally, the
BIC researchers positioned themselves as intermediaries, forming
bridges between different organizations that are unaccustomed to
working with one another. In this role, the BIC researchers largely
focused on building trust between the different members of the
advisory committee.
3.1.2. Contribution of the actors to the innovation system functions
Table 2 details the contribution of each of the key actors within
Table 1
Actor identiﬁcation for the two case-studies. Between square brackets: actors involved to a limited extent.
Actors Flanders: Recurring project partners Ontario: Advisory committee þ regular contacts
Research
domain
Ghent University, Flanders Research Institute for Agriculture, Fischeries and Foor,
Inagro, Ghent Bioeconomy Valley, BioBase Europe Pilot Plant, Innovatiesteunpunt
BIC, University of Guelph, Ontario Federation of Agriculture
Western University, Western Sania-Lambton Research Park,
Agriculture and Agri-Food Canada, Ontario Agri-Food Technologies,
National Research Council Canada, University of British Columbia
Enterprise
domain
[Biogas plant manager, custom harvesters, farmers] Comet Bioreﬁning, BioAmber, Cellulosic Sugar Producers
Cooperative, Agco, ProAg, Jungbunzlauer, Integrated Grain
Processors Co-operative, Farmers, Midori Renewables, Lanxess
Innovation
inﬂuencers'
domain
Flanders Innovation & Entrepreneurship Ontario Federation of Agriculture, Ontario Ministry of Agriculture,
Food and Rural Affairs, Agriculture and Agri-Food Canada, Grain
Farmers of Ontario, Agricultural Adaptation Council
Intermediary
domain
BioBase Europe Pilot Plant BIC
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(Step 1 in Fig. 1). As most actors involved in Flanders are part of the
research domain, it comes as no surprise that most time and effort
was put into knowledge development. To a certain extent, these
research actors have tried to work together. However, none of them
has been able to take up a coordinating role, aggregate the different
research results and guide further research. As a result, the gener-
ated knowledge remained dispersed. Furthermore, as the end-
product has not yet been deﬁned, it is difﬁcult for the Flemish re-
searchers to guide their research towards the development of a
speciﬁc value chain. We also found that the lack of coordination of
knowledge development and the limited attention to the other
functions can mainly be attributed to a lack of monetary resources.
In Ontario we observe a different situation. Here, almost all
functions are addressed and actors from all domains are highly
involved in addressing these functions. The process of corn stover
value-chain development greatly beneﬁted from the establishment
of the advisory committee that involved all stakeholders, and from
the intermediary role taken up by BIC. Furthermore, there was a
clear idea regarding the novel value chain required and its goal, i.e.
the creation of new business opportunities for Sarnia through the
production of cellulosic sugars from corn stover. Hence, even at an
early stage of the development process, it was clear to all partners,
including the entrepreneurial domain, where the value chain
development process was headed, and how these private partners
could proﬁt from the value chain. As a result, data, feedback and in-
kind contributions were more easily obtained.
3.1.3. Systemic structural and transformational merits and failures
Having identiﬁed the key actors involved and their contribution
to the system functions, Table 3 presents themain insights obtained
from the micro-level failure analysis (Step 2 in Fig. 1) and the
macro-level failure analysis (Step 3 in Fig. 1).
3.2. Identiﬁcation of main barriers and actions taken for corn stover
value-chain development in the two regions
The integrated analytical framework allows us to identify and
structure the main barriers and success factors encountered by the
stakeholders in the development of a corn stover value chain in the
two regions. These barriers and actions taken to overcome them are
presented in Table 4.
4. Discussion
The development of a bioeconomy which is to be one of the
major ways to help alleviate the current pressures on the environ-
ment is proving to be difﬁcult. One of the key challenges within the
transition is the development of effective value chains that producehigh quality output from biomass input (Altman and Johnson, 2008;
Mafakheri and Nasiri, 2014). Several difﬁculties are associated with
novel value-chain development, especially when it concerns novel
biomass value chains for the bioeconomy. The discussion is struc-
tured based on four practical questions, based on the main cate-
gories of barriers observed in the case-study regions.
In section 3 above, we discussed the results of the exploratory
case-study analysis. In this section, we go a step further and frame
our results in the existing literature, presenting lessons learned and
best practices. As stated above, we believe that, while the corn
stover case is speciﬁc in some ways, the lessons learned and best
practices derived from our analysis are of general interest and can
be inspirational for biomass processors, researchers and policy
makers aiming to develop a novel biomass value chain within the
context of the bioeconomy.4.1. How can value chain actors converge on a single objective and
common vision, despite the variety of individual goals?
In literature, the need for a single objective and common vision
among the stakeholders, despite the many individual goals, is often
mentioned as crucial. This makes it similar to many endeavors
involving collaboration between different actors with various
agendas, such as project management or (open) innovation man-
agement (e.g. Goduscheit and Knudsen, 2015; Teri Melese et al.,
2009; Van Lancker et al., 2016a,b). Novel value chain develop-
ment in the bioeconomy is not much different, given the multi-
disciplinary, multi-sectoral nature of these bio-based chains (see
Palgan and McCormick (2016)). Furthermore, transition theory also
states that a shared vision and common objective are paramount in
transition efforts (Budde et al., 2012; Farla et al., 2010; Lopolito
et al., 2011; Smith et al., 2010). Our exploratory case-study anal-
ysis also conﬁrmed the beneﬁts of having a common vision and
shared objective. Indeed, in Ontario, the shared objective of pro-
ducing cellulosic sugars from corn stover as input to reinvigorate
the local chemical industry, pushed the development of the corn
stover value chain. The stakeholders in Ontario did struggle with
the different perceptions of the techno-economic challenges
related to corn stover value-chain development, and each of the
stakeholders had a different idea on the outcomes of the value
chain. However, the different individual goals were overcome
thanks to the boundary spanning efforts made by BIC. The impor-
tance of such boundary spanning efforts has been stated in litera-
ture on ‘innovation intermediaries’ and ‘boundary organizations’
as: taking up the coordinating role, building bridges between the
various stakeholders involved, and building a common vision that
can include and merge each of their various individual goals and
ambitions (Carraresi et al., 2018; Chesbourg and Brunswicker, 2014;
Perkmann and Schildt, 2015; Porto Gomez et al., 2016).
Table 2
Innovation system functions in the two case-studies (RD¼ research domain, ED¼ enterprise domain, IID¼ innovation inﬂuencers domain, and ID¼ intermediary domain).
Function Flanders Ontario
F1 - Knowledge
development
RD: Scientiﬁc studies focusing on technical aspects: stover availability;
harvest system; potential for anaerobic digestion; effect of removal on
soil quality.
Limited research on socio-economic aspects.
RD: Scientiﬁc studies focusing on technical aspects: corn stover
availability; harvest system; effect of removal on soil quality.
Also studies on socio-economic aspects, logistics, and governance
structures.
ED: Input data for and feedback on studies by private companies.
Learning from experiences of corn stover value-chain development in
US.
IID: Farmer associations conducted scientiﬁc studies, or provided input
data and feedback.
ID: Advisory committee gave feedback on the studies and determined
which other studies were required.
F2 - Entrepreneurial
activities/commercial
experimentation
ED: Limited experiments on corn stover storage.
One e unsuccessful e attempt by biogas plant manager to set up value
chain for his plant.
ED: Only companies with functioning pilot plant considered for project.
Potential sugar off-takers selected most suitable corn stover processor.
F3 - Knowledge
diffusion/exchange
RD: Different reports from different projects. Harvesting
demonstrations showing farmers and other stakeholders the possible
harvest systems available.
RD: Reports of the studies published. Harvesting demonstrations
organized at well-attended farm shows.
Videos on the project put online.
ED: Industrial partners received the results of the studies and were
asked for feedback.
IID: Policy makers received the results of the studies and were asked for
feedback.
ID: Assembling knowledge and knowledge diffusion by BIC and OFA.
F4 - Funding RD: Research corn stover value-chain development integrated in some
European projects.
PhD research on corn stover value-chain development from socio-
economic perspective and on effects of corn stover removal on soil
quality.
ED: Difﬁculties acquiring in-kind contributions.
IID: No funding sources addressing whole value-chain development.
Little interest from policy makers to fund projects related to corn
stover value-chain development.
ID: No funding acquired for one partner to take up the role of
intermediary organization.
RD: BIC, Ontario Federation of Agriculture, and Agriculture and Agri-
Food Canada devoted part of their funding to conducting research on
different aspects of corn stover value-chain development.
ED: In-kind contributions from different companies.
IID: Policy makers notiﬁed partners of different funding opportunities
and justiﬁed acquired funding from Agricultural Adaptation Council to
be managed by BIC.
ID: BIC devoted part of its funding to act as boundary spanning actor.
F5 - Non-monetary
resource mobilization
RD: Researchers have right competences.
ED: Flanders has infrastructure and skilled workforce.
Farmers and processors show interest, but refrain from taking further
actions.
RD: Researchers have right competences.
ED: Sarnia is a chemical hub with available knowledge, skilled
workforce and infrastructure, surrounded by agricultural land.
ID: BIC is proﬁcient as intermediary organization.
F6 - Market formation RD: Limited research on corn stover value-chain development from a
socio-economic perspective.
ED: No knowledge of speciﬁc actions to support market formation at
this stage.
No clear demand from farmers to become part of value chain.
Farmers mainly show interest in additional income.
Some processors show interest, but refrain from taking actions.
RD: Scientiﬁc studies on governance structures and other socio-
economic questions.
ED: Clear demand proﬁle from farmers to have their stover harvested
and to participate in the corn stover value chain, resulting in the CSPC.
Discussions between CSPC and Comet Bioreﬁning led to a corn stover
price that is acceptable for both sides.
Off-take agreements signed between Comet Bioreﬁning and BioAmber.
ID: BIC helped with market formation and helped organizing different
town hall meetings to ﬁnd members for the CSPC.
F7 - Guidance of the
search
RD: Research conducted in different institutes, but not coordinated.
ED: No real consensus on preferred valorization trajectory.
IID: Farmer associations follow up the research, but take no further
action.
Policy makers are potentially interested from the perspective of further
developing the bioeconomy.
ID: No advisory board set up to guide further value-chain
development.
RD: Research was directed towards the production of cellulosic sugars
from corn stover.
ED: Stakeholders in the value chain worked together through an AC.
IID: Farmer associations follow up the research, and provide input and
feedback on the studies conducted.
Policy makers are interested from the perspective of further developing
the bioeconomy.
Value chain helps in creating new business opportunities for Sarnia.
ID: Common vision among stakeholders created through AC.
F8 - Creation of
legitimacy
RD: Organization of harvesting demonstrations.
ED: Avoided food-vs-fuel debate.
RD: Organization of harvesting demonstrations, conducting studies on
effects of corn stover harvest on soil quality, detailed studies on
economics and logistics of corn stover value chain.
ED: Increased trust in technology by potential sugar off-takers after
technology tests.
Working with champions, creating trust and convincing farmers to
engage in the CSPC.
Strict rules set up by CSPC to ensure sustainability and avoid
deterioration of soil quality.
Avoided food-vs-fuel debate.
IID: Increased legitimacy by involvement of policy from the start.
F9 - Formation of social
capital
ID: No knowledge of speciﬁc actions to create trust between different
stakeholders.
ID: Clear role taken up by BIC to create trust amongst the different
stakeholders.
Trust gradually built, ﬁrst letting stakeholders sign non-disclosure
agreements.
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Table 3
System function analysis for the two case study regions.
System function Flanders Ontario
Knowledge infrastructure
and capabilities (Step 2)
Well developed with high concentration of research institutes and
universities, working together and having good relationships with
different interest groups.
Necessary human capital available.
Well developed with high concentration of research institutes and
universities, working together and having good relationships with
different interest groups.
Necessary human capital available.
Policy makers more formally and closely involved due to advisory
committee.
Necessary human capital available.
Physical infrastructure
(Step 2)
Small ﬁelds and roads, leading to challenges for corn stover harvest
and supply.
Well-developed industrial zones.
Industrial area with right facilities available surrounded by a large
agricultural area.
Funding infrastructure
(Step 2)
Funding schemes exist at European level, but stakeholders unable to
obtain funding.
Strong belief amongst stakeholders that corn stover value chain can
never succeed without subsidies.
After multiple attempts, funding obtained for corn stover value chain
development with value chain perspective.
Strong belief amongst stakeholders that corn stover value chain
cannot depend on subsidies.
Institutions, interaction
and policy coordination
(Step 2 and 3)
Corn stover value-chain development supported by European
Renewable Energy Directive and Flemish vision on bioeconomy.
Despite support for inter-branch organizations, no interest from
stakeholders due to limited ﬁnancial incentives and complicated
structure.
Skepticism amongst stakeholders regarding the economic viability of
bioeconomy value chains.
Corn stover value chain development supported by Ontario's Climate
Change Action Plan.
Focus on natural gas instead of biomass valorization after
announcement of coal phase-out.
Interest from corn producers in corn stover value chain because of
positive effects on soybean yields, grown after corn.
Some farmers quite risk averse and conservative with regards to
making investments.
General public interest for bioeconomy after serious air and water
pollution problems in the 1970s and 1980s.
Market structure (Step 2) No sharing of information amongst potential interested value-chain
actors.
No time spent on trust-building amongst value-chain actors.
Signing of NDAs in order to convince members of advisory committee
to share sensitive information.
Time spent on trust-building amongst value-chain actors.
Directionality and demand
articulation (Step 3)
Lack of directionality, as end-product remains undeﬁned. Objective clear from the start: using corn stover for the production of
cellulosic sugars for the revival of the local chemical industry.
Boundary spanning activities needed to align stakeholders' different
goals and concerns and to create a common vision.
Reﬂexivity (Step 3) As corn stover value-chain development process is still in the
exploratory phase, no real reﬂection processes occurred.
Based on the advice of the advisory committee, decision to scale down
plant and to include wheat straw.
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will all needed stakeholders remain involved?
Our exploratory case-study analysis showed the importance of
involving a wide range of stakeholders when setting up a novel
value chain as well as the importance of keeping a value chain
perspective in mind. This ﬁnding conﬁrms previous literature on
novel value chain development and innovation processes. For
example, Schmid et al. (2012) argued that farmers and small and
medium enterprises can contribute greatly to innovation processes
by sharing local knowledge. Furthermore, they acknowledged the
beneﬁts of setting up multi-stakeholder partnerships involving
civil society groups, farmers, researchers, representatives of bio-
based industries and consumers (Schmid et al., 2012). This aspect
was also suggested in the case study of R€onnlund et al. (2014) and
Palgan and McCormick (2016) as being critically important for
bioeconomy value-chain development. Direct stakeholder
involvement enables for better understanding of the goals and
needs of each actor. When stakeholders understand what drives
the other stakeholders, their different goals converge more readily,
further enhancing the chance of successful value-chain
development.
In Flanders, the main domain involved in the corn stover value-
chain development is research, with interest from other stake-
holders remaining limited. In Ontario, all relevant stakeholders are
consulted and involved in the novel value-chain development
process. There, the farmers clearly requested to have their corn
stover harvested and sold. Despite their eagerness, BIC still put
signiﬁcant effort in actively involving the farmers in the value-
chain development process by organizing meetings and focus
groups where they could express their concerns. These concerns
could then immediately be taken into account in further processes.Furthermore, during these meetings and focus groups, BIC could
clearly explain the potential beneﬁts. As one respondent stated: “It
is easier if you have the agricultural producers early on in the game, so
they understand what this opportunity might look like” (policy
maker). This increased the opportunity for farmers to be involved,
thus increasing the likelihood of a stable corn stover supply. Sec-
ond, a wide variety of stakeholders was represented in the advisory
committee (i.e. farmer, industry representatives, policymakers, and
researchers).
With regard to safeguarding the value-chain perspective, R€osch
and Kaltschmit (1999) stated that in order to reduce the risk of
failure for bioenergy products, adequate initial market demands
need to be assured. This can be achieved by signing off-take
agreements and by capitalizing on a sufﬁciently large market.
Indeed, a lack of a market for the biobased products from the novel
value chains has been identiﬁed as a signiﬁcant barrier in previous
studies (e.g. R€onnlund et al. (2014) and Hellsmark et al. (2016)). In
the Ontario case, BIC ensured that the whole value chain was
covered, including the off-take of the end product. Therefore, the
BIC researchers purposely aimed to produce sugars, as these can
easily be sold to the already established chemical industry in Sarnia,
instead of trying to create a whole new market. With their
approach, they slowly start convincing also policy makers, that
value-chain thinking is essential for the further development of the
bioeconomy.
4.3. How van trust be created among the value chain actors and
how can they be made to believe in the potential of the novel value
chain?
The importance of trust amongst the actors of novel value chains
has been acknowledged in literature (e.g. R€osch and Kaltschmitt,
Table 4
Overview of main barriers and actions taken to overcome them for corn stover value-chain development in the two regions.
Category Barriers identiﬁed in both case-studies Actions taken in Ontario case-study to overcome the challenges
Single objective, common
vision
No end-product deﬁned and no clear direction for the value chain
development.
Value-chain objective and end-product deﬁned from the start,
making clear where project was heading.
Boundary spanning efforts made by BIC to create common vision,
through working of the advisory committee. Examples: open
discussions guided by BIC between the Farmers' Cooperative and
Comet Bioreﬁning led to a corn stover price that is acceptable for
both sides.
Different perceptions of the techno-economic challenges related to
the value chain, and different expectations of the value chain
outcomes, causing discussions on the issues to be tackled.
Value chain perspective
involving all stakeholders
Mainly research domain involved in setting up value chain.
Stakeholders show limited interest, but are not willing to take
actions or invest themselves.
Clear demand proﬁle from farmers to have corn stover harvested
and to be part of the corn stover value chain.
Meeting and focus groups organized in order to acquire insights in
opportunities and concerns of all stakeholders. Producers actively
involved from the start to ensure a stable corn stover supply.
Wide representation of stakeholders in advisory committee,
including farmers, industry representatives, policy makers,
researchers.
Ensuring off-take of the end-product: off-take agreement signed
between Comet Bioreﬁning and BioAmber.
Value-chain thinking gradually growing amongst policy makers,
partly thanks to the positive results from the corn stover value-chain
development process.
Missing value-chain perspective among policy makers.
Coordination of actors, and
trust in each other and the
value chain feasibility
Questions among Flemish stakeholders on the viability and necessity
of the bioeconomy and strong belief that corn stover value chain can
never be viable without subsidies.
Organizing town hall meetings, and harvest demonstrations,
publication of newsletters and videos on the value-chain
development process.
Research results compiled and transparently discussed in the
advisory committee, thanks to the coordinating role of BIC. Members
were asked for their feedback.
Final technology provider selected by the Farmers' Cooperative and
the potential off-takers of the end-products.
Farmers' Cooperative works with strict rules, in order to ensure
sustainability of the value chain and avoid deterioration of soil
quality.
Working with local innovation champions.
Within advisory committee, time and effort spent to create trust
among the members, for example, by having non-disclosure
agreements signed.
Trust in the value chain by policy makers, by involving them from
the start, and being open about, sometimes negative, research
results.
Coordination of research and value-chain development by BIC,
acting as boundary spanning actor.
Connection and coordination between stakeholders facilitated by
BIC, and not through formal policy channel.
Risk-averse farmers regarding investment in novel value chains.
No effort put in creating trust between different stakeholders.
No-one has taken on a coordinating role, leaving stakeholders and
knowledge dispersed.
No interest from Flemish stakeholders in setting up an interbranch
organization due to lack of ﬁnancial incentives and difﬁcult a
structure.
Funding Little interest from funding bodies and no funding sources available
that would allow a project covering the whole value chain.
Difﬁculties in acquiring funding overcome by not giving up and
involving policy makers in the research projects, justifying funding
and resulting in being kept informed on interesting funding
opportunities.
Policies hampering investments (e.g in Ontario, policy on coal-phase
out leading to the promotion of the use of natural gas instead of
biomass for energy purposes, temporarily halting research on
biomass harvesting, logistics and processing).
Difﬁculties in acquiring in-kind contributions for further research. In-kind contributions obtained after transparently communicating
about research results through advisory committee, making clear to
every stakeholder how they could proﬁt from the value chain.
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et al. (2016) in their practical cases of a green economy. Before
stakeholders will participate in the value chain, they should not
only trust each other, but should also believe in the value chain that
is being developed (e.g. Hodgson et al., 2016). In Flanders, stake-
holders have never been brought together, and no trust has been
created. Literature states that the creation of trust in collaborative
efforts is an important role of innovation intermediaries (Howells,
2006; Kivimaa, 2014; Williams, 2002), such as BIC in the Ontario
case. Intermediaries are often ﬁrms or persons with hybrid
knowledge on different aspects of the value chain, different sectors,
and/or knowledge about how to bring actors together. An example
of a breakthrough in trust-building between the members of the
advisory committee was that BIC had all members sign non-
disclosure agreements. This allowed members to openly share
sensitive information. Furthermore, in their role as intermediary,
BIC could also coordinate the research and the value-chaindevelopment. It seems that at least in Flanders, such an interme-
diary would be needed to get the value-chain development process
restarted, as Flemish stakeholders show little interest in setting up
such novel value chains through the formal policy channels, like
inter-branch organizations.
Furthermore, in Flanders, the stakeholders also do not seem to
have a strong belief in the potential of novel value-chains in the
context of the bioeconomy. In Ontario, the developers of the corn
stover value chain also needed to deal with farmers' risk aversion
with regard to novel value chains. However, speciﬁc efforts were
made to both enhance the trust of stakeholders in each other as
well in the potential of the value chain. First, town hall meetings
and harvest demonstrations were organized, newsletters were
published and videos were made available on several websites.
Klerkx et al. (2010) support this approach and state that these kind
of “tangible visions help create a shared understanding and support
of actors” (Klerkx et al., 2010, p. 399). Second, research results were
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where the members could give their feedback. This approach hel-
ped the members to increase their trust in the research results
presented. This open communication of the research results also
helped policymakers to increase their trust in the value chain being
developed. Instinctively, it seems risky to communicate all research
results, including the negative ones, to policy makers. Indeed, this
could make them doubt the whole process, deprive the researchers
of subsidies, and thus potentially hamper further progress. How-
ever, the opposite happened. The honesty about all the un-
certainties and demonstrations of how these uncertainties could be
addressed increased the policy makers' conﬁdence in the value-
chain development process and its beneﬁts. One policy maker ar-
ticulated this as follows: “It was more comfortable not seeing all the
polished version. You get to hear it in difﬁcult moments”. Third, the
technology provider was chosen by the Farmers' Cooperative and
the potential off-takers of the end-products after a long and
transparent selection process. Furthermore, in order to convince
farmers that their soils will not be degraded because of the corn
stover harvest, the Farmers’ Cooperative works with very strict
rules on membership and harvest rates, in order to ensure both the
overall sustainability of the value chain. Indeed, the use of hard
institutions e i.e. written agreements and stipulations of arrange-
ments made e can be a facilitating factor regarding trust building
and ultimately collaboration (Bogers, 2011; Melese et al., 2009).
Finally, literature (e.g. Mccormick and Kåberger, 2007; Klerkx and
Aarts, 2013) states that working with local champions further in-
creases the trust in the value chain being created. As one respon-
dent stated: “I also think it is important to have, I will use the term, to
have some champions of the project, who really generate interest and
talk about it and keep driving the project forward”(Researcher).
Hodgson et al. (2016) also advocates the use of demonstrators of
the bio-based technologies as a tool for building trust and conﬁ-
dence with the diverse stakeholders.
4.4. How to attract public and/or private funding?
Funding, although not directly controlled by the value-chain
actors, was shown to be an important factor in Ontario as well as
in Flanders. In Flanders, interested parties remain unsuccessful in
acquiring the necessary funding, which leads to an impasse in the
development of a the novel value chain. As a consequence, the
knowledge related to the value chain is insufﬁcient, leading to
difﬁculties in acquiring in-kind contributions from private partners.
In Ontario, despite ﬁerce competition, sufﬁcient funding was al-
ways obtained. However, the direct involvement of policy makers
in the value-chain development process helped to convince them
that the funding requested could be justiﬁed, and kept BIC
informed about other interesting funding opportunities. Further-
more, the experience in Ontario indicates that, after the exploration
phase is over, funding is more easily acquired, including in-kind
contributions from private partners and banks. This further
emphasized the ﬁndings of case studies and other research (e.g.
Pitkanen et al. (2016), Hellsmark et al. (2016), R€onnlund et al. (2014)
and Hodgson et al. (2016)) which states that many current efforts to
develop new biobased value chains suffer from a lack of funding,
especially during early stages of development. This indicates the
need for adequate public funding channels to support such
endeavors.
5. Conclusion and recommendations
Transforming our fossil fuel-based economy into a bioeconomy
will require the expansion of existing biomass value chains as well
as the development of new ones. Successful development of thesenovel value chains for these usually local biomass sources requires
application of a value-chain approach to provide simultaneous
solutions to tackling technological as well as socio-economic
challenges. Using the framework of Lamprinopoulou et al. (2014)
to structure the data obtained from an exploratory case-study
approach on the development of a value chain based on corn sto-
ver in two regions, we identiﬁed a number of barriers to novel value
chain development and identiﬁed concrete actions to overcome
these barriers. These concrete actions are to:
⁃ Set up an advisory committee with wide representation of
value-chain actors, and organize regular meetings (e.g. every
two months).
⁃ Make sure the advisory committee is led by a competent, in-
dependent, boundary spanning actor.
⁃ Recognize the individual goals and concerns of each actor, but
keep the common objective in mind. This common objective
should be determined early on in the process.
⁃ Do not only focus on biomass supply and processing, but also
ensure off-take of the end-product.
⁃ Create trust among the value-chain actors by:
 Having them sign non-disclosure agreements;
 Letting them spend time with each other in order to allow
trust to grow.
⁃ Create belief in the value chain by:
 Organizing events, harvesting demonstrations, information
sessions, posting online newsletters and videos;
 Being open and transparent about all (positive as well as
negative) research results;
 Engage value-chain actors in the decision making processes;
 Work with local innovation champions.
⁃ Attract in-kind contributions and private capital only at a later
stage in the novel value-chain development process, by openly
and transparently discussing research results and business
models.
The aforementioned results are based on an explorative case-
study analysis. We combined our insights with existing literature
in the discussion to ensure the general relevance of these concrete
actions and inspire parties aiming to develop a novel biomass value
chain. One limitation of our research is the comparison of only corn
stover value chain development processes. Another is the strongly
contrasting developmental stages of the two cases: one is in a more
ﬁnal stage of development and the other is in its infancy. A com-
plementary study would therefore be to investigate a case in the
middle of its developmental process. Other potential future
research could be a similar analysis of case studies using other
biomass resources within the bioeconomy.
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